INTRODUCTION {#sec1-1}
============

A lot of interest has been generated among scientists to discover various markers of oxidative stress (OS), ever since, evidence first began to trickle down, that OS is a culprit in the development and exacerbation of many diseases. Experimental and clinical studies have provided increasing substantial evidence to implicate OS both as cause as well as effect of many diseases and conditions such as cardiovascular diseases, aging, diabetes, Parkinson\'s disease, Alzheimer\'s disease, cancer, schizophrenia, maturity onset cataract and autism.\[[@ref1][@ref2][@ref3][@ref4]\]

Periodontitis is an inflammatory disease of the supporting tissues of the teeth, caused by specific microorganisms or groups of specific microorganisms; resulting in progressive destruction of the periodontal ligament and alveolar bone with pocket formation, recession, or both.\[[@ref5]\] On an average 10-15% of the population worldwide suffers from periodontitis.\[[@ref6]\] A recent prevalence study on periodontitis in the adult US population, puts this figure at over 47%.\[[@ref7]\] Though the tissue destruction in periodontitis is caused by the interaction between microorganisms and the host response, many studies in the recent past have proved beyond doubt that periodontitis is associated with increased OS.\[[@ref8][@ref9]\]

Measurement of OS in cell is dependent on extremely sensitive assays and accurate quantification. Free radicals are so reactive and short-lived that direct measurement is usually not possible. Reactive oxygen species (ROS) is mainly measured indirectly, following formation of oxidative by-products of lipids, proteins and nucleic acids. Various biomarkers have been used to show the presence of OS. The markers, which have always been traditionally used and continue to be popular are estimation of malondialdehyde (TBARS assay), total antioxidant capacity or total antioxidant power, nitric oxide, antioxidant enzymes superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx), glutathione reductase, Glutathione-S-Transferase, and estimation nonenzymatic markers like Vitamin C, Vitamin E, coenzyme Q, uric acid, bilirubin etc.\[[@ref8][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\]

In the case of patients with periodontitis, these markers have been estimated in serum, saliva and gingival crevicular fluid (GCF).\[[@ref17][@ref18]\] Since, the past decade, isoprostanes are being increasingly used as a biomarker of oxidative DNA damage, and have slowly but steadily become a well-recognized gold standard of oxidant status. In dentistry too, this marker has been used extensively in saliva and serum samples.\[[@ref19]\] Many new techniques are now available for measuring ROS directly e.g., electron paramagnetic resonance, histochemical staining methods, Mass Spectroscopy, cytochemical methods, ROS tracer dyes, etc.\[[@ref20]\] Noninvasive techniques using real time imaging of redox changes have been used in animal studies.\[[@ref21]\] Choice of assay depends on ease, instrumentation, kits available and of course funds. One problem routinely encountered, especially in smaller cities of India is the lack of expertise, appropriate instrumentation and storage facilities and also nonavailability of kits. Hence, there is an urgent need to standardize and promote alternate, quick, cheap and precise markers for measuring OS.

Gamma-glutamyltranspeptidase/transferase (GGT) is an enzyme that is a routinely used diagnostic marker to detect diseases of the liver and bile ducts. Its normal range is 0-51 IU/L, though the levels may vary slightly among laboratories.\[[@ref22]\] GGT is present in the cell membranes of many tissues including the kidneys, bile duct, pancreas, gall bladder, spleen, heart, brain and seminal vesicles.\[[@ref23]\] Lee *et al*. concluded that serum GGT levels within its normal range predicted both oxidative damage products of arachidonic acid (F~2~-isoprostanes) and markers of inflammation (fibrinogen and C-reactive protein) in dose response manner.\[[@ref24]\] It is becoming increasingly clear that GGT is much more than just a marker for liver diseases and has the potential role as a marker in other inflammatory conditions.

In the past decade, studies have found that elevated serum GGT levels can be correlated to cardiovascular diseases, and it is now being investigated as a potential marker for predicting increased risk for such diseases.\[[@ref25]\] Gradually accumulating evidence seems to point that GGT has much more potential than previously thought. A study carried out in 2007 concludes that GGT may be an early predictor for the development of chronic kidney disease.\[[@ref26]\] GGT has, of late, also been used as a biomarker for metabolic syndrome.\[[@ref27][@ref28]\] Another interesting aspect of GGT has been proposed in a study done in 1997, which says that the enzyme is located on the outer cell envelope of Treponema denticola; the anaerobic pathogen that plays an important role in the progression of periodontal disease. The authors go on to suggest that GGT may play a role in the propagation of the organism within the inflamed periodontal tissues.\[[@ref29]\] In spite of such promising scope, the benefits of this marker have somehow been underutilized.

There is some evidence to say that periodontitis is associated with systemic diseases.\[[@ref30][@ref31][@ref32]\] Hence, the aim of our study was to investigate, whether serum GGT could be used as a reliable marker for showing the presence of OS in patients with periodontitis. The objectives were a comparison of serum GGT as an OS marker with other traditional markers like serum malondialdehyde (MDA), SOD, GPx and uric acid in subjects with and without periodontitis.

MATERIALS AND METHODS {#sec1-2}
=====================

The protocol for this cross-sectional study was approved by the Institutional Ethics Committee of MGV\'s KBH Dental College and Hospital, Nasik and the Human Ethics Committee (MUHS/UDIRT/138/2012) at UDIRT, Maharashtra University of Health Sciences, Nashik. Prior to enrollment in the study, candidates who fulfilled the inclusion criteria were given detailed oral information about the study and invited to participate. A patient information sheet was handed over to them and written informed consent obtained.

Totally 150 subjects in the age group of 18-65 years with chronic periodontitis and 150 healthy controls (age and sex matched) fulfilling the inclusion and exclusion criteria were included in the study. They were recruited from the OPD, Department of Periodontics; MGV\'s KBH Dental College and Hospital, Nashik.

Inclusion criteria {#sec2-1}
------------------

Control Group (CG)At least 14 teeth in the mouth,Bleeding on probing (BOP) in less than 30% of periodontal sites with probing pocket depth (PPD) of 1-3 mmNo BOP and clinical attachment loss (CAL) of 3 mm or more at less than 30% of all sites in the mouthNot barred by exclusion criteria.Study Group (SG) Patients with periodontitisAt least 14 teeth in the mouth,BOP in more than 30% of periodontal sites with PPD of 1-3 mmBOP and CAL of 3 mm or more at more than 30% of all sites in the mouthNot barred by exclusion criteria.

Exclusion criteria {#sec2-2}
------------------

Unfavorable systemic conditions (rheumatic fever, heart problems, hypertension, diabetes, liver or kidney diseases, etcAny infection requiring prophylactic antibiotic treatmentPregnant and lactating women, women on hormonal contraceptives or on hormone replacement therapyPatients taking steroids or NSAID (for previous 3 months) or vitamin supplementsSubjects who smoke and regularly consume alcoholPersons who have undergone scaling/root planing in the past 6 months.

Periodontal parameters {#sec2-3}
----------------------

A full-mouth periodontal examination was performed by a single examiner (N.D.). The following periodontal parameters were assessed using a graduated UNC15 probe at 6 sites per tooth, that mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual and disto-lingual:

PPDCALBOP.

Biochemical parameters {#sec2-4}
----------------------

Blood samples were collected by venipuncture from the median cubital vein in plain bulbs, and immediately processed (centrifuged at 2000 rpm for 15 min). The serum obtained was analyzed at the same day for the following parameters:

MDA estimation by Kei Satoh method\[[@ref33]\]SOD estimation by Kajari Das method\[[@ref34]\]GPx estimation by method of Valentine and Paglia\[[@ref35]\]GGT estimation by using diagnostic kit from Aspen Laboratories, IndiaUric acid estimation by uricase method by using diagnostic kit from Accurex Biomedical Pvt. Ltd.

Statistical analysis {#sec2-5}
--------------------

To detect a small difference in means of 2 (±0.2) units, when the assumed variation is of 16-25 units (estimation based on pilot studies), the minimum sample size needed was 130. The power of the test was set at 95%. During the period of the study, we were able to enroll 150 consenting individuals in each group. Data were analyzed using computer software, IBM Statistical Package for Social Sciences (SPSS) Version 20 (Bangalore, Karnataka, India). Analysis was done using Student\'s *t* test and data were expressed as mean ± standard deviation. *P* \< 0.05 were considered to be statistically significant.

RESULTS {#sec1-3}
=======

Subjects were recruited in the study, when they came to the college OPD for a dental examination. Hence, it was not possible to obtain age and sex matched subjects in the two groups.

All subjects were Indians, with a predominance of lower-middle class Maharashtrian population. The subjects in the SG are found to have higher mean age as compared to controls. Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} shows the comparison of the mean values of the biochemical parameters between the CG and SG.

Mean MDA values in the SG is found to be significantly higher than that of controls, while mean SOD, GPx and Uric acid values are significantly lower than that of controls. Within reference range, GGT levels in the SG are found to be significantly higher than controls.

###### 

Demographic characteristics of controls and cases
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Comparison of values between control group and study group
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DISCUSSION {#sec1-4}
==========

Mean age of patients with periodontitis is higher than that of controls indicating that periodontitis is associated with increasing age. However, OS in periodontitis is independent of age and gender.\[[@ref9]\] It comes as no surprise that the levels of serum MDA are higher in periodontitis patients as compared to healthy controls. Periodontitis is an inflammatory condition leading to increased OS. Increased OS leads to increased lipid peroxidation which explains the increased levels of MDA in patients as compared to controls. Our results are consistent with the results obtained by Canakci *et al*.\[[@ref36]\]

Uric acid is the most important endogenous antioxidant in the human plasma and acts as a potent free-radical scavenger.\[[@ref37]\] Some of the scientists support the view that serum antioxidants increase in response to increased OS. The study of Barnes *et al*. concludes that the purine degradation pathway, a major biochemical source for ROS production, is significantly accelerated at the periodontal sites.\[[@ref38]\] Uric acid is the end product of purine metabolism, and this may offer another explanation to the increase in uric acid levels in patients with periodontitis. Persons with weak antioxidant defense may have a lower level of antioxidant enzymes that makes them more susceptible to infections in the first place.\[[@ref39][@ref40]\] This can be correlated with our results where controls were found to have significantly higher concentrations of the enzymes of antioxidant defense namely, SOD and GPx as well as uric acid. GPx are a major group of enzymes that remove hydrogen peroxide generated by SOD in the cytosol and mitochondria by oxidizing reduced glutathione to its oxidized form. Increased oxygen metabolism results in overproduction of superoxide radicals that are known to inhibit GPx. SOD catalyzes the dismutation of superoxide radicals that are produced by various mechanisms.\[[@ref41]\]

In OS, there is excessive production of free radicals like superoxide anions which disturbs the subtle balance in favor of free radicals.\[[@ref42][@ref43]\] To detoxify these free superoxide radicals, large amounts of SOD are utilized. This may also account for the decreased concentrations of GPx and SOD in patients with periodontitis when compared to controls. Our results are consistent with results obtained by other studies.\[[@ref17][@ref44][@ref45]\]

But what is most heartening is that our results seem to indicate that GGT can be an extremely good indicator of OS in periodontitis. Even within the reference range, there is significant variation in the mean GGT levels in controls and patients with periodontitis with controls showing lower mean values of the enzyme as compared to patients with periodontitis. GGT seems to be useful in studying OS-related issues in both epidemiological and clinical settings.\[[@ref24][@ref46]\] Elevated levels of this enzyme have already been used as a marker for OS in Tuberculosis, Menopause, Alzeimer\'s disease, hypertension, etc.\[[@ref47][@ref48][@ref49][@ref50]\] So we can say that elevated levels of this enzyme in patients with periodontitis is a marker of OS.

One of the most important molecules involved in the antioxidant defense of our body happens to be glutathione, which exerts its action by shunting between oxidized (GSSG) and reduced state (GSH). Changes in the levels of reduced Glutathione are a major indicator of OS conditions. GGT is an enzyme catalyzing GSH breakdown.\[[@ref51][@ref52]\]

Traditional diagnosis of periodontal disease is based on clinical (GI, PD, CAL, BOP) and radiographic parameters. Advances in periodontal research is now moving toward methods wherein periodontal disease risk and active periodontal destruction is quantified by biomarkers in GCF like aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, creatine kinase, GGT, etc.\[[@ref53]\] Studies have shown a significant increase in salivary GGT levels in patients with periodontal disease that decrease with periodontal treatment.\[[@ref54]\] Periodontal health seems to have a bearing on other organs such as heart, kidneys, liver, pancreas, etc.\[[@ref55][@ref56][@ref57]\] Since, this enzyme is produced in these organs, it is clear that systemic health is compromised at the outset, even though the patient appears to be systemically healthy.

Gamma-glutamyltransferase is a very stable enzyme whose *in-vitro* assays can be carried out as 25°C, 30°C or 37°C. Measurement of GGT using automated analyzers is quick, cheap and precise. Most laboratories routinely perform this enzyme assay.

Further understanding and evidence would be required to say whether stratification of periodontal patients can be done using GGT. Future studies may also look at correlation studies between GGT and clinical parameters like plaque index (PI), BOP and CAL. Longitudinal studies are necessary to determine, whether elevated levels of GGT alone may predict the development of unfavorable systemic conditions. But until then, it really seems as though this is one biomarker that cannot be ignored or overlooked.

CONCLUSIONS {#sec1-5}
===========

Scientists have been obtaining increasing evidence about OS being a culprit in the development of adverse systemic conditions. Modern science develops new sophisticated technologies to detect free radicals. Newer markers of OS are being used. GGT seems to be one enzyme that has not got its due credit in this important arena. With larger studies, this may just prove to be a simple, easy to use, quick, cheap and precise predictor of OS in periodontitis and adverse systemic outcomes.
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